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Description 

ALTERNATING PHASE-SHIFT MASK RULE 

COMPLIANT IC DESIGN 

Background of Invention 

[0001] The present invention relates generally to very large scale 
integrated (VLSI) circuit devices. In particular, the present 
invention provides a method, system, program product 
that implement a design object that automatically pro- 
vides compliance with alternating phase shifted mask 
(altPSM) rules. 

[0002] Alternating phase shift masks (altPSM) have found in- 
creased usage in lithography for semiconductor manufac- 
ture and elsewhere because they allow creation of smaller 
dimension features. Extensive use of altPSM with complex 
chip designs, however, has been limited by the complexity 
of the designs and the need to maintain compliance with 
altPSM design rules. One problem that arises during de- 
sign layout using computer aided (CAD) technology is that 
phase shape regions of the same phase (referred to as 



"color") may be laid out such that they overlap, e.g., over- 
lapping of phase shape regions in the mask for adjacent 
lines. Since the phase shape regions have the same color, 
they conflict such that the improper optical interference 
occurs during generation of the desired feature. Accord- 
ingly, altPSM design rules mandate that conflicts between 
phase shape regions be avoided. As designs become more 
complex and features are laid out in an increasingly dense 
fashion, the likelihood that this type problem occurs is 
greatly increased. 

[0003] one approach to address this layout problem has been to 
implement groundrules to avoid violation of altPSM design 
rules. This approach, however, leads to a number of other 
problems such as: performance optimization opportuni- 
ties being unused, increased device size, etc. 

[0004] Another approach to address the problem has been to im- 
plement phase-aware design methodologies that imple- 
ment altPSM design rules, e.g., to avoid phase conflicts. In 
phase-aware design methodologies, the phase shape re- 
gions are added or identified in a design after layout us- 
ing special programs that add/identify phase-shiftable 
features and address phase conflicts and other phase re- 
lated design problems. See, for example, US Patent No. 



6,057,063 to Liebmann et al. This approach, however, re- 
sults in lengthy correction procedures. For example, re- 
ferring to FIGS. 1 and 2, a conventional methodology for 
phase-aware design and application of the methodology 
to an illustrative shape are shown, respectively. In step (a), 
a layout 10 is designed, and repetitive design rule check- 
ing (DRC) is conducted to obtain a DRC-clean layout 12. 
In step (b), a phase-shiftable feature 14 is added/ 
identified using custom programs. In step (c), the layout is 
analyzed to determine whether the layout is altPSM design 
rule compliant, e.g., whether one or more phase conflicts 
or other phase related problems 16 exist. In step (d), the 
layout is modified to achieve compliance if it is non- 
compliant, which may require return to step (c) and/or 
step (a). This process is repeated with each modification 
until the layout is ultimately altPSM design rule compliant. 
Since each modification requires re-analysis, this ap- 
proach is both time consuming and processor laborious. 
[0005] | n V j ew 0 f the foregoing, there is a need in the art for a 

technique that solves the problems of the related art. 
Summary of Invention 

[0006] The invention includes a system, method and program 
product that implements a design object that automati- 



cally provides compliance to alternating phase shifted 
mask (altPSM) rules. The invention implements a design 
object that is used during layout to indicate a phase- 
shiftable design feature in the layout including phase- 
shift related structure. In particular, each design object 
includes a base shape indicative of the feature to be ulti- 
mately created and two (2) different type phase shape 
identifiers that identify the requisite mask area and color 
of phase-shift required for that base shape. One phase 
shape identifier is assigned to a portion of the base 
shape. During layout, placement rules for the design ob- 
ject mandate that design objects may not be placed on 
top of each other if the placement requires overlapping 
phase identifiers of the same type. In addition, a design 
object may include a buffer. Placement rules may then re- 
quire that placement of a design object is such that phase 
identifiers of different type have to be separated by a 
minimum distance from each other. Use of the design ob- 
jects allows the design methodology to be simplified in 
that the addition or identification of phase-shiftable fea- 
tures using custom programs after layout (i.e., step (b) of 
FIGS. 1-2) is no longer necessary. As a consequence, ex- 
tensive phase compliance checks and lengthy design 



modifications (i.e., step (d) in FIGS. 1-2) are eliminated. In 
addition, the invention allows efficient compaction algo- 
rithms to run, which simplifies routing for backend usage 
of altPSM. 

[0007] a first aspect of the invention is directed to a method of 
designing a layout of an integrated circuit using an alter- 
nating phase shift mask, the method comprising the steps 
of: providing at least two design objects for designing a 
phase-shiftable feature in the layout, each design object 
including: a base shape, a first phase shape identifier as- 
signed to a first portion of the base shape, the first phase 
shape identifier having a first type, and a second phase 
shape identifier assigned to a second portion of the base 
shape, the second phase shape identifier having a second 
different type; and allowing placement of the design ob- 
ject overlapping another design object during design of 
the layout only in the case that the types of any overlap- 
ping phase shape identifiers are compatible. 

[0008] a second aspect of the invention is directed to a computer 
program product comprising a computer useable medium 
having computer readable program code embodied 
therein for designing an integrated circuit layout using an 
alternating phase shift mask, the program product com- 



prising: program code configured to provide a plurality of 
selectable design objects for designing at least one 
phase-shiftable design feature in the layout, each design 
object including: a base shape, a first phase shape identi- 
fier assigned to a first portion of the base shape, the first 
phase shape identifier having a first type, and a second 
phase shape identifier assigned to a second portion of the 
base shape, the second phase shape identifier having a 
second type; and program code configured to allow place- 
ment of the design object overlapping another design ob- 
ject during design of the layout only in the case that the 
types of any overlapping phase shape identifiers are com- 
patible. 

[0009] a third aspect of the invention is directed to an integrated 
circuit design system comprising: means for providing a 
plurality of selectable design objects for designing at least 
one phase-shiftable design feature in the layout, each de- 
sign object including: a base shape, a first phase shape 
identifier assigned to a first portion of the base shape, the 
first phase shape identifier having a first type, and a sec- 
ond phase shape identifier assigned to a second portion 
of the base shape, the second phase shape identifier hav- 
ing a second type; and means for allowing placement of 



the design object overlapping another design object dur- 
ing design of the layout only in the case that the types of 
any overlapping phase shape identifiers are compatible. 
[0010] The foregoing and other features of the invention will be 
apparent from the following more particular description of 

embodiments of the invention. 
Brief Description of Drawings 

[0011] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein: 

[0012] FIG. 1 shows a conventional technique for implementing a 
phase-shiftable design feature in a design layout. 

[0013] FIG. 2 shows stepwise processing of an illustrative layout 
according to the conventional technique of FIG. 1. 

[0014] FIG. 3 shows a design object according to the invention. 

[0015] FIGS. 4-6 shows implementation of the design object of 

FIG. 3 according to a method of the invention. 
Detailed Description 

[0016] Referring to FIG. 3, a design object 100 for use in design- 
ing an integrated circuit using an alternating phase shift 
mask (not shown) according to the invention is illustrated. 
Design object 100 includes a base shape 102, a first 



phase shape identifier 104 assigned to a first portion 106 
of base shape 102, and a second phase shape identifier 
108 assigned to a second portion 110 of base shape 102. 
Base shape 102 is indicative of the feature to be ultimately 
created for the device, i.e., it is the desired phase- 
shiftable feature. As used herein "phase-shiftable feature" 
indicates a design feature that is to be generated using an 
alternating phase shift mask (altPSM), while "non- 
phase-shiftable feature" indicates any standard design 
feature that does not require an alt PSM to generate. 
[0017] Each phase shape identifier 104, 108 indicates a requisite 
phase-shift region for the mask area and a color of that 
phase-shift region required to generate base shape 102. 
Accordingly, phase shape identifiers 104, 108 communi- 
cate to a designer of a layout what the requisite mask area 
and color of phase-shift is used to generate base shape 
102. In order to prevent violation of an altPSM design rule, 
each phase shape identifier 104, 108 has a type that is in- 
dicative of its phase-shift color. The type may be commu- 
nicated to a designer in any of a variety of fashions, e.g., 
color (e.g., blue, green, yellow), shading (e.g., cross- 
hatching type), etc. Since each base shape 102 requires 
two phase-shift regions of different color, a first phase 



shape identifier has a first type, and a second phase shape 
identifier has a second different type. 
[0018] As also shown in FIG. 3, each design object may also in- 
clude a buffer 112. Each buffer 112 indicates a standoff 
distance required for placement of one design object ad- 
jacent to another design object where the adjacent por- 
tions have phase shape identifiers of the same type. That 
is, buffer 112 is configured to allow placement of a design 
object adjacent another design object during design of 
the layout where adjacent phase shape identifiers of the 
respective design objects have different types only in the 
case that the design objects are distanced from one an- 
other by a distance greater than buffer 112. As a result, 
phase conflicts between adjacent design objects are 
avoided. 

[0019] Referring to FIG. 4-6, a method according to the invention 
will be described relative to an illustrative design feature 
to be generated by two design objects in an integrated 
circuit computer aided design (CAD) system. In particular, 
as shown in FIG. 4, a plurality of design objects (at least 
two) are provided for designing a phase-shift design fea- 
ture. Placement of a design object 100A overlapping an- 
other design object 100B during design of a layout is al- 



lowed only in the case that the types of any overlapping 
phase shape identifiers are compatible. As used herein 
"compatible" means that the placement will not violate a 
PSM design rule, e.g., that no phase conflicts are allowed. 
The indication of compatability may be made by how the 
type is communicated. That is, the types are the same or 
have a common characteristic. In one embodiment, where 
a color such as blue is used to indicate a phase shift type 
(color), only the particular color (i.e., blue), or different 
shades of that color (e.g., light and dark blue), may be al- 
lowed to overlap. In another embodiment, where a shad- 
ing such as horizontal lines is used to indicate a phase 
shift type (color), only the particular shading, or different 
thicknesses of lines for that shading, may be allowed to 
overlap. 

[0020] | n contrast, as shown in FIG. 5, placement of a design ob- 
ject 100C overlapping another design object 100D during 
design of a layout is not allowed in the case that the types 
of any overlapping phase shape identifiers are incompati- 
ble. However, placement of design object 100C adjacent 
another design object 100D where adjacent phase shape 
identifiers have different types would be allowed only in 
the case that the design objects 100C, 100D are distanced 



from one another by a distance greater than the buffer 
112. The method of the invention may also include pro- 
viding a design shape (not shown) for designing a non- 
phase-shiftable feature, e.g., one having a size above a 
cutoff at which phase shifting is required, in the layout in 
a conventional fashion. These design shapes do not in- 
clude phase shift indicators or a buffer. FIG. 6 illustrates 
implementation of four design objects 100E-H to gener- 
ate the layout of prior art FIG. 2. 

[0021] | t should be understood that while design object 100 has 
been illustrated as a line in which each portion 106, 110 is 
a side of the line, design object 100 can be any shape of 
design feature to be used in an IC design and capable of 
generation using current or later developed phase-shift 
mask technology. Accordingly, the invention should not 
be limited to any particular shape of design object. In ad- 
dition, each portion 106, 110 of a base shape 102 having 
assigned thereto a phase shape identifier may vary ac- 
cording to the shape of base shape 102 to, for example, 
accommodate specific PSM design rules. 

[0022] it w i|| be understood that the method steps discussed are 
performed by a data processor system executing instruc- 
tions of a program product stored in memory. It is under- 



stood that the methods described herein may be realized 
in hardware, software, or a combination of hardware and 
software, and may be compartmentalized other than as 
shown. They may be implemented by any type of com- 
puter system or other apparatus adapted for carrying out 
the methods described herein. A typical combination of 
hardware and software could be a general-purpose com- 
puter system with a computer program that, when loaded 
and executed, controls the computer system such that it 
carries out the methods described herein. Alternatively, a 
specific use computer, containing specialized hardware 
for carrying out one or more of the functional tasks of the 
invention could be utilized. The present invention can also 
be embedded in a computer program product, which 
comprises all the features enabling the implementation of 
the methods and functions described herein, and which - 
when loaded in a computer system - is able to carry out 
these methods and functions. Computer program, soft- 
ware program, program, program product, or software, in 
the present context mean any expression, in any lan- 
guage, code or notation, of a set of instructions intended 
to cause a system having an information processing capa- 
bility to perform a particular function either directly or af- 



ter the following: (a) conversion to another language, code 
or notation; and/or (b) reproduction in a different material 
form. 

[0023] while this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



